ratios are compared between a new homemade force pressure transducer and a commercially available accelerometer. TWenty adult patients were studied and 600 simultaneous TOF ratio pairs were recorded during anaesthesia with varying degrees of muscle relaxation. Laboratory testing revealed that the output from the homemade device was linear up to 900 g and that there was a linear relationship between the output from the new device and the accelerometer (y = 0.802x + 5.167, R = 0.943, t = 69, P < 0.0001). Although the homemade device underestimates the accelerometer TOF ratio by 20%, it is a reliable and economic alternative to commercially available products for measuring TOF ratios.
Visual and tactile evaluation of train-of-four (TOF) response, whilst clinically useful, is both subjective and inaccurate',2. Quantitative assessment of TOF is based either on EMG recordings of compound evoked action potentials, force displacement transducers or the acceleration transducer which elicits an output voltage proportional to the deformation of a piezo crystal. Commercially available products quantifying TOF response are expensive and not generally available. A number of simple devices have been previously described detecting pressure changes of air or liquid contained in a chamber under the thumb 3-6 • The objective of the present study was to evaluate the accuracy of a new homemade force of displacement transducer\ comparing it with data obtained simultaneously from a commercially available accelerometer.
METHODS

Apparatus
The device comprises a 10 ml loss-of-resistance syringe (Portex, UK) primed with saline and linked to a pressure transducer (Baxter, USA). A clenched fist is formed around the barrel of the syringe and the thumb taped into position over the plunger (Figure 1 ). A flange, shaped from the end of a "Sleek" roll, helps stabilize the syringe barrel. TOF can be displayed as a pressure waveform (Datex AS/3) allowing twitch height to be monitored and the train-of-four ratio S. NEWELL, 1. BRIMACOMBE determined by comparing the "systolic pressure" between the first and last waveform. A pilot study demonstrated that a current of 30 milliamps usually registers a pressure wave of 50-150 mmHg in the nonparalysed patient.
Laboratory testing
The vertical syringe barrel was attached to a balance pan and the transducer zeroed. The force-pressure characteristics were determined by adding 25 gram increments of water. Pressure was read from a Datex AS/3 monitor.
Clinical testing
This study was approved by the hospital Ethical Committee and informed written consent obtained. Twenty consecutive ASA 1-2 adult patients undergoing non-upper limb elective surgery expected to last more than one hour and requiring the use of muscle relaxants were included in this study. Patients with neuromuscular or hand disorders were excluded from the study. Anaesthesia was induced with propofol 2 mg.kg-1 and maintained with 300/0 O 2 in N 2 0 and 1% to 20/0 isoflurane. Patients were paralysed with vecuronium 0.1 mg.kg-1 and fentanyl/morphine given for analgesia.
Patients were ventilated and end-tidal CO2 maintained at 35-45 mmHg. Both arms were abducted to 80 degrees with the hand supinated and placed on boards. The new device was attached to one hand and a peripheral nerve stimulator (Innervator, Model NS 252A, Fisher & Paykel, New Zealand) placed over the ulnar nerve. An accelerometer, the TOF Guard (Biometer International, Denmark), with its own inbuilt peripheral nerve stimulator, was attached to the opposite arm according to the manufacturer's instructions. The accelerometer has been shown to provide an accurate TOF ratio in comparative studies with force transducerss-lO and over the current range 1O-60mA". Peripheral nerve stimulator electrodes were placed in identical positions on each arm. Both nerve stimulators were set at 30 mA at a standard TOF mode of 2 Hz with an output pulse width of 2oos. The TOF was recorded 30 times simultaneously from both arms while the muscle relaxant was allowed to wear off. Placement of the new device was randomly allocated to either the right or left arm and data was recorded by the authors of the study. Pressure pulses from the new device were frozen to compare the heights of T4 and Tt using a compass and ruler. Data was down loaded onto Microsoft Excel 5.0 spreadsheet. The same software was used to perform regression analysis and Student's t test on the data. Significance was taken as P< 0.05.
RESULTS
Laboratory testing
Pressure output per unit force was linear up to 900 g ( Figure 2 ). 
Pressure (mm Hg)
Clinical testing
The male to female ratio was 14:6. The mean (SO, range) for age, weight and height was 39.9 yr (16.4, 18-67), 76.8 kg (15.7, 55-117) and 176.5 cm (10.6, 155-188) respectively. The correlation coefficient was 0.943 (t=69, P< 0.0001) with a slope of 0.802 and a y intercept of 5.167. The 95% confidence limits of the y intercept and slope was 2.142% and 0.046 respectively (Figure 3 ).
DISCUSSION
The study confirms that there is a linear relationship between the output from the new device and the accelerometer. The new device underestimates the accelerometer TOF ratio by 200/0, a feature consistent throughout the TOF range. It is unclear whether the new device is underestimating or the accelerometer overestimating the TOF ratio. TOF overestimation for the accelerometer has previously been reported in noncurarized individuals 8 • 1O • It is also possible that friction in the syringe decreased the amplitude of contraction for the new transducer.
The new device is easy to construct using items which are commonly discarded. Even if new materials were required it would cost only $23 (mainly the transducer). This compares with the commercially available products which cost 100 times as much. One new device was used for this study and there was no difference in the TOF ratio comparing the first and second ten patients, suggesting that the apparatus is both durable and reliable. It is likely that the epidural syringe would require occasional replacement. The new device makes use of existing pressure channels and allows the TOF to be displayed alongside other patient data. The size of the trace can be adjusted by altering the screen parameters, and although in this study measurement of TOF required the screen to be frozen, software could possibly be adapted to calculate a TOF ratio directly from the signal.
The device has some disadvantages, but these are generally common with most force displacement transducers. Baseline drift requires the system to be rezeroed every ten minutes, but this is achieved simply and without the need to open the system to air. Fixing the device into the hand can be time-consuming, although this is easier with the patient awake.
